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Abstract
The competition graph of a doubly partial order is known to be an in-
terval graph. The CCE graph and the niche graph of a doubly partial order
are also known to be interval graphs if the graphs do not contain a cycle
of length four and three as an induced subgraph, respectively. Phylogeny
graphs are variant of competition graphs. The phylogeny graph P (D) of a
digraph D is the (simple undirected) graph defined by V (P (D)) := V (D)
and E(P (D)) := {xy | N+
D
(x) ∩ N+
D
(y) 6= ∅} ∪ {xy | (x, y) ∈ A(D)}, where
N+
D
(x) := {v ∈ V (D) | (x, v) ∈ A(D)}.
In this note, we show that the phylogeny graph of a doubly partial order
is an interval graph. We also show that, for any interval graph G, there
exists an interval graph G˜ such that G˜ contains the graph G as an induced
subgraph and that G˜ is the phylogeny graph of a doubly partial order.
Keywords: competition graph, phylogeny graph, doubly partial order, in-
terval graph.
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1. Introduction
Throughout this note, all graphs and all digraphs are finite and simple. The
notion of competition graphs was introduced by Cohen [3] in a connection with
a problem in ecology. Given a digraph D, if (u, v) is an arc of D, then we call v
a prey of u and u a predator of v. The competition graph C(D) of a digraph D
is the graph which has the same vertex set as D and has an edge between two
distinct vertices u and v if and only if there exists a common prey of u and v in D.
Since Cohen introduced the notion of competition graphs, several variants have
been defined and studied by many authors (see the survey articles by Kim [6] and
Lundgren [12]). For example, Scott [22] introduced competition-common enemy
graphs (or CCE graphs), Cable, Jones, Lundgren, and Seager [1] introduced niche
graphs, and Sonntag and Teichert introduced competition hypergraphs [23] (see
also [20] for competition multihypergraphs and [15] for the hypercompetition
numbers of hypergraphs). As another variant, Roberts and Sheng [16, 17, 18, 19]
introduced phylogeny graphs. The phylogeny graph of a digraph D is the graph
which has the same vertex set as D and has an edge between two distinct vertices
u and v if and only if there exists an arc from u to v or an arc from v to u or a
common prey of u and v in D.
In the study of competition graphs and their variants, one of important prob-
lems is characterizing the competition graphs of interesting classes of digraphs
(see [4, 5, 10, 11, 13, 21] for some studies on this research direction). In this note,
we study the phylogeny graphs of doubly partial orders. Doubly partial orders
are digraphs defined as follows. For a point x in R2, we denote its first and second
coordinates by x1 and x2, respectively. For x, y ∈ R
2, we write x ≺ y if x1 < y1
and x2 < y2. A digraph D is called a doubly partial order if there exists a finite
subset V of R2 such that V (D) = V and A(D) = {(x, v) | v, x ∈ V, v ≺ x}. Note
that, by definition, the out-neighborhood N+
D
(x) := {v ∈ V (D) | (x, v) ∈ A(D)}
of a vertex x in a doubly partial order D is the set {v ∈ V (D) | v ≺ x}.
We recall some results on variants of competition graphs of doubly partial
orders. A graph G is called an interval graph if there exists an assignment J :
V (G)→ 2R of real closed intervals J(v) to the vertices v of G such that, for any
two distinct vertices v and w, vw ∈ E(G) if and only if J(v)∩J(w) 6= ∅. In 2005,
Cho and Kim [2] showed the following:
Theorem 1.1 [2]. The competition graph of a doubly partial order is an interval
graph.
Theorem 1.2 [2]. An interval graph can be made into the competition graph of
a doubly partial order by adding sufficiently many isolated vertices.
Here, we mention that Wu and Lu [24] gave a further result on this subject. They
showed that a graph is the competition graph of a doubly partial order if and
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only if it is an interval graph, at least half of whose maximal cliques are isolated
vertices.
After the study of Cho and Kim, several authors studied variants of competi-
tion graphs of doubly partial orders. In 2007, Kim, Kim, and Rho [7] showed that
the CCE graph of a doubly partial order is an interval graph unless it contains
C4 as an induced subgraph. In 2009, Kim, Lee, Park, Park, and Sano [8] showed
a similar result for niche graphs. The niche graph of a doubly partial order is an
interval graph unless it contains C3 as an induced subgraph. In 2011, Park, Lee,
and Kim [14] studied the m-step competition graphs of doubly partial orders,
and showed that, for any positive integer m, the m-step competition graph of a
doubly partial order is an interval graph. Recently, Kim, Lee, Park, and Sano [9]
studied the competition hypergraphs of doubly partial orders.
As the phylogeny graph is an important variant of the competition graph,
it is natural to ask whether the phylogeny graph of a doubly partial order is an
interval graph or not. In the following section, we show that the phylogeny graph
of a doubly partial order is always an interval graph.
2. Main Results
We use the following notations in this section. For x, y ∈ R2,
xց y ⇐⇒ x1 ≤ y1 and y2 ≤ x2,
x ∧ y := (min{x1, y1},min{x2, y2}) ∈ R
2.
The following theorem is our first main result.
Theorem 2.1. The phylogeny graph of a doubly partial order is an interval graph.
Proof. Let G be the phylogeny graph of a doubly partial order D. We shall give
an interval assignment J : V (G) → 2R such that G is the intersection graph of
the family of those intervals. We may disregard the isolated vertices of G since
we can assign an interval to an isolated vertex that does not overlap with any
other interval.
Let f : R2 → R be a function defined by f(x) = f(x1, x2) := x2 − x1. For a
(non-isolated) vertex x of D, we define
J(x) := conv{f(a) ∈ R | a ∈ N+
D
(x) ∪ {x}} ⊆ R,
where conv(S) means the convex hull of a set S in R. Note that J(x) 6= ∅ since
f(x) ∈ J(x). We will show that the graph obtained by deleting all the isolated
vertices from G is the intersection graph of the family of these intervals.
Take two adjacent vertices x and y of G. Then it holds that x ≺ y, or
y ≺ x, or there exists a vertex a such that a ≺ x and a ≺ y. If x ≺ y, then
660 B. Park and Y. Sano
f(x) ∈ J(x) ∩ J(y). If y ≺ x, then f(y) ∈ J(x) ∩ J(y). If there exists a vertex
a such that a ≺ x and a ≺ y, then f(a) ∈ J(x) ∩ J(y). Therefore, we have
J(x) ∩ J(y) 6= ∅.
Next, take two non-isolated vertices x and y which are not adjacent in G.
Then it holds that x ց y or y ց x. Without loss of generality, we may assume
that xց y. We claim that
(1) min J(x) > max J(y).
Note that x ∧ y = (x1, y2) since x ց y. Since N
+
D
(x) ∩ N+
D
(y) = ∅, if y2 < x2
then we have
N+
D
(x) ⊆ {v ∈ R2 | v1 < x1, y2 ≤ v2 < x2}
⊆ {v ∈ R2 | v2 − v1 > y2 − x1}
= {v ∈ R2 | f(v) > f(x ∧ y)}.
Therefore,
(2) y2 < x2 ⇒ min J(x) > f(x ∧ y).
Similarly, if x1 < y1 then we have
N+
D
(y) ⊆ {v ∈ R2 | x1 ≤ v1 < y1, v2 < y2}
⊆ {v ∈ R2 | v2 − v1 < y2 − x1}
= {v ∈ R2 | f(v) < f(x ∧ y)}.
Therefore,
(3) x1 < y1 ⇒ max J(y) < f(x ∧ y).
Suppose that x1 = y1. Then x ∧ y = y. Since N
+
D
(y) = N+
D
(x ∧ y) ⊆ N+
D
(x) and
N+
D
(x) ∩ N+
D
(y) = ∅, it holds that N+
D
(y) = ∅. Therefore J(y) = {f(y)}. Thus
we have
(4) x1 = y1 ⇒ max J(y) = f(x ∧ y).
Suppose that x2 = y2. Then x ∧ y = x. Since N
+
D
(x) = N+
D
(x ∧ y) ⊆ N+
D
(y) and
N+
D
(x) ∩ N+
D
(y) = ∅, it holds that N+
D
(x) = ∅. Therefore J(x) = {f(x)}. Thus
we have
(5) x2 = y2 ⇒ min J(x) = f(x ∧ y).
Now, we consider the three possible cases (see Figure 1). If x1 < y1 and y2 < x2,
then (1) follows from (2) and (3). If x1 = y1 and y2 < x2, then (1) follows from
(2) and (4). If x1 < y1 and x2 = y2, then (1) follows from (3) and (5). Thus, we
have J(x) ∩ J(y) = ∅.
Hence the theorem holds.
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Figure 1. Pictures for Proof of Theorem 2.1.
Theorem 1.1 and Theorem 1.2 are complementary to each other. In the same
fashion, after establishing Theorem 2.1, a natural question is if every interval
graph is the phylogeny graph of some doubly partial order. However, the answer
for this question is NO. The following theorem shows that not every interval
graph G has a doubly partial order whose phylogeny graph is equal to G.
Theorem 2.2. Let G be an interval graph. If G has two adjacent vertices u and
v of degree at least two such that the edge uv is not contained in any triangle in
G, then G cannot be the phylogeny graph of a doubly partial order.
Proof. Let G be an interval graph and suppose that G has two adjacent vertices
u and v of degree at least two such that the edge uv is not contained in any
triangle in G. Let a (resp. b) be a vertex of G other than v (resp. u) which is
adjacent to u (resp. v). Then P = auvb is a path of length 3. Suppose that
there exists a doubly partial order D such that the phylogeny graph of D is equal
to G. Since the edge uv is not contained in any triangle in G, it holds that
NG(u) ∩NG(v) = ∅. Since NG(u) ∩NG(v) = ∅, there cannot exist a vertex z in
D such that z ≺ u and z ≺ v. However, since uv ∈ E(G), either u ≺ v or v ≺ u.
Without loss of generality, we may assume that v ≺ u. Since vb ∈ E(G), it holds
that v and b have a common prey or v ≺ b or b ≺ v. If there exists a vertex z
in D such that z ≺ b and z ≺ v, then z ≺ u and b, u, v, z form a clique of size
4 in G, which is a contradiction to the fact that NG(u) ∩ NG(v) = ∅. If v ≺ b,
then u and b have v as a common prey and so u and b are adjacent, which is
also a contradiction to the fact that NG(u) ∩ NG(v) = ∅. If b ≺ v, then b ≺ u
and so u and b are adjacent, which is a contradiction. Therefore, in each case,
we reach a contradiction. Hence, G cannot be the phylogeny graph of a doubly
partial order.
The above result is contrary to Theorem 1.2 stating that we can make any interval
graph into the competition graph of a doubly partial order by adding sufficiently
many isolated vertices.
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Though not every interval graph is the phylogeny graph of a doubly partial order
even if we allow us to add isolated vertices, we can show that, given an interval
graph G, there exists an “extension” of G such that it is the phylogeny graph of
a doubly partial order.
Theorem 2.3. For any interval graph G, there exists an interval graph G˜ such
that G˜ contains the graph G as an induced subgraph and that G˜ is the phylogeny
graph of a doubly partial order.
Proof. We may assume that G has no isolated vertices. By Theorem 1.2, there
exists a doubly partial order D such that the competition graph of D is equal to
the graph obtained from G by adding sufficiently many isolated vertices. Let G˜
be the phylogeny graph of D. Then, by Theorem 2.1, G˜ is an interval graph. Let
S ⊆ V (D) be the set of vertices having a prey in D, that is,
S := {v ∈ V (D) | N+
D
(v) 6= ∅}.
Let H be the subgraph of G˜ induced by S. We will show that E(H) = E(G).
Take an edge uv of G. Since the competition graph of D contains the graph
G, there exists a common prey z of u and v in D. Therefore, u and v are adjacent
in G˜. Also, since u and v have a prey in D, it means that u, v ∈ S = V (H). Since
H is an induced subgraph of G˜, we have uv ∈ E(H). Therefore, E(G) ⊆ E(H).
Take an edge uv of H. Since u, v ∈ V (H) = S, we have N+
D
(u) 6= ∅ and
N+
D
(v) 6= ∅. To show that uv is also an edge of G, it is sufficient to show that u
and v have a common prey in D. Suppose that u and v do not have a common
prey in D. Since N+
D
(u) 6= ∅ and N+
D
(v) 6= ∅, there exist two vertices a and b
in D such that a ≺ u and b ≺ v. Since u and v are adjacent in H but have no
common prey in D, either u ≺ v or v ≺ u. If u ≺ v then a ≺ v since a ≺ u, and
so a is a common prey of u and v in D, which is a contradiction. Similarly, if
v ≺ u then b ≺ u since b ≺ v, and so b is a common prey of u and v in D, which
is a contradiction. Therefore, u and v have a common prey in D. Thus, uv is an
edge of G and so E(H) ⊆ E(G). Hence, E(H) = E(G).
Let H0 be the subgraph of G˜ obtained by deleting all the isolated vertices
from H. Then H0 is an induced subgraph of G˜ which is equal to G. We complete
the proof.
3. Concluding Remarks
In this note, we showed that the phylogeny graph of a doubly partial order is an
interval graph (Theorem 2.1) and that any interval graph has a graph extension
which is the phylogeny graph of a doubly partial order (Theorem 2.3).
By Theorem 2.3, for an interval graph G, we can define the doubly partial
order phylogeny number pdpo(G) of G to be the smallest nonnegative integer r
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such that r := |V (G˜) \ V (G)| where G˜ is an interval graph containing the graph
G as an induced subgraph and G˜ is the phylogeny graph of a doubly partial
order. The doubly partial order phylogeny number of an interval graph G may
be different from the phylogeny number of G. It can be shown by using the
path P of length three. By [18, Theorem 7], if G is a chordal graph, then the
phylogeny number p(G) of G is equal to 0. Therefore p(P ) = 0. On the other
hand, it follows from Theorem 2.2 that pdpo(P ) > 0. It would be interesting to
find the doubly partial order phylogeny numbers of various interval graphs.
References
[1] C. Cable, K.F. Jones, J.R. Lundgren and S. Seager, Niche graphs , Discrete Appl.
Math. 23 (1989) 231–241.
doi:10.1016/0166-218X(89)90015-2
[2] H.H. Cho and S.-R. Kim, A class of acyclic digraphs with interval competition
graphs , Discrete Appl. Math. 148 (2005) 171–180.
doi:10.1016/j.dam.2005.02.005
[3] J.E. Cohen, Interval graphs and food webs. A finding and a problem, RAND Corpo-
ration Document 17696-PR (Santa Monica, California, 1968).
[4] D.C. Fisher, J.R. Lundgren, S.K. Merz and K.B. Reid, The domination and compe-
tition graphs of a tournament , J. Graph Theory 29 (1998) 103–110.
doi:10.1002/(SICI)1097-0118(199810)29:2〈103::AID-JGT6〉3.0.CO;2-V
[5] K.F. Fraughnaugh, J.R. Lundgren, J.S. Maybee, S.K. Merz and N.J. Pullman, Com-
petition graphs of strongly connected and hamiltonian digraphs , SIAM J. Discrete
Math. 8 (1995) 179–185.
doi:10.1137/S0895480191197234
[6] S.-R. Kim The competition number and its variants, in: Quo Vadis Graph Theory?,
J. Gimbel, J.W. Kennedy, and L.V. Quintas (Eds.), Ann. Discrete Math. 55 (1993)
313–325.
[7] S.-J. Kim, S.-R. Kim and Y. Rho, On CCE graphs of doubly partial orders , Discrete
Appl. Math. 155 (2007) 971–978.
doi:10.1016/j.dam.2006.09.013
[8] S.-R. Kim, J.Y. Lee, B. Park, W.J. Park and Y. Sano, The niche graphs of doubly
partial orders , Congr. Numer. 195 (2009) 19–32.
[9] S.-R. Kim, J.Y. Lee, B. Park and Y. Sano, The competition hypergraphs of doubly
partial orders, Discrete Appl. Math.
doi:10.1016/j.dam.2012.05.024
[10] S.-R. Kim and F.S. Roberts, Competition graphs of semiorders and the conditions
C(p) and C∗(p), Ars Combin. 63 (2002) 161–173.
[11] J.Y. Lee and S.-R. Kim, Competition graphs of acyclic digraphs satisfying condition
C∗(p), Ars Combin. 93 (2009) 321–332.
664 B. Park and Y. Sano
[12] J.R. Lundgren, Food webs, competition graphs, competition-common enemy graphs,
and niche graphs, in: Applications of Combinatorics and Graph Theory in the Bio-
logical and Social Sciences, F.S. Roberts (Ed.), IMA Volumes in Mathematics and
its Applications, 17 ( Springer-Verlag, New York, 1989) 221–243.
[13] J.R. Lundgren, J.S. Maybee and C.W. Rasmussen, Interval competition graphs of
symmetric digraphs , Discrete Math. 119 (1993) 113–122.
doi:10.1016/0012-365X(93)90121-9
[14] B. Park, J.Y. Lee and S.-R. Kim, The m-step competition graphs of doubly partial
orders , Appl. Math. Lett. 24 (2011) 811–816.
doi:10.1016/j.aml.2010.12.009
[15] B. Park and Y. Sano, On the hypercompetition numbers of hypergraphs , Ars Combin.
100 (2011) 151–159.
[16] F.S. Roberts, Competition graphs and phylogeny graphs, in: Graph Theory and
Combinatorial Biology, L. Lovasz (Ed.), Bolyai Mathematical Studies, 7, (Ja´nos
Bolyai Mathematical Society, Budapest, 1999) 333–362.
[17] F.S. Roberts and L. Sheng, Phylogeny graphs of arbitrary digraphs, Mathematical
Hierarchies and Biology (Piscataway, NJ, 1996) DIMACS Ser. Discrete Math. The-
oret. Comput. Sci. 37 Amer. Math. Soc. (1997) 233–237.
[18] F.S. Roberts and L. Sheng, Phylogeny numbers , Discrete Appl. Math. 87 (1998)
213–228.
doi:10.1016/S0166-218X(98)00058-4
[19] F.S. Roberts and L. Sheng, Phylogeny numbers for graphs with two triangles , Dis-
crete Appl. Math. 103 (2000) 191–207.
doi:10.1016/S0166-218X(99)00209-7
[20] Y. Sano, Characterizations of competition multigraphs , Discrete Appl. Math. 157
(2009) 2978–2982.
doi:10.1016/j.dam.2009.04.010
[21] Y. Sano, The competition-common enemy graphs of digraphs satisfying Conditions
C(p) and C ′(p), Congr. Numer. 202 (2010) 187–194.
[22] D.D. Scott, The competition-common enemy graph of a digraph, Discrete Appl.
Math. 17 (1987) 269–280.
doi:10.1016/0166-218X(87)90030-8
[23] M. Sonntag and H.-M. Teichert, Competition hypergraphs , Discrete Appl. Math.
143 (2004) 324–329.
doi:10.1016/j.dam.2004.02.010
[24] Y. Wu and J. Lu, Dimension-2 poset competition numbers and dimension-2 poset
double competition numbers , Discrete Appl. Math. 158 (2010) 706–717.
doi:10.1016/j.dam.2009.12.001
Received 2 November 2011
Revised 26 July 2012
Accepted 30 July 2012
